The RM is related to the line-of-sight integral of the electron density times the magnetic field, corrected for the cosmological redshift (16) where dl is the differential path along the line of sight (in pc), z is the redshift (z = 2.5), n is the particle density (in cm −3 ), and B || is the magnetic field projected in the line of sight (in Gauss). Our RM will be an important test for detailed magnetohydrodynamical (MHD) models at the jet base, but such analysis is beyond the scope of this paper. At a more basic level, it is impossible to unambiguously disentangle the contributions of the magnetic field, electron density, and path length to the integral determining the rotation measure. This difficulty is exacerbated by the absence of direct information about the electron density or path length from observations, leading to the need to extrapolate from larger scales, which introduces additional uncertainty. The rotation measures derived here, RM~10 8 rad/m 2 in the rest frame of the source, are about a factor of 10 5 greater than the rest-frame RM values measured for parsec-scale AGN cores, where the derived magnetic fields have been independently measured to be~0.05 to 0.10 G (11, 17); this suggests that the magnetic fields in the subparsec regions that we are probing are at least a few tens of Gauss, and possibly much higher. More exact estimates of these magnetic fields will require a separate dedicated study.
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In any case, our results are a clear indication of very high magnetic fields at the jet base, which should be dynamically important near the black hole and should in turn affect the accretion process. A similar conclusion was drawn from a statistical analysis of jet core shifts from a complete sample of AGN, using high-resolution radio observations at centimeter wavelengths (18) . In the near future, our differential polarimetry technique can be used to further measure and monitor RMs at very short wavelengths, from this and other AGN. The monitoring of magnetic fields and particle densities at the jet regions closest to the black holes, via submm polarimetry, will allow us to study the tight connection between black-hole accretion and relativistic jets, the two fundamental pieces of the fascinating cosmic puzzle of AGN. Most present-day galaxies with stellar masses ≥10 11 solar masses show no ongoing star formation and are dense spheroids. Ten billion years ago, similarly massive galaxies were typically forming stars at rates of hundreds solar masses per year. It is debated how star formation ceased, on which time scales, and how this "quenching" relates to the emergence of dense spheroids. We measured stellar mass and star-formation rate surface density distributions in star-forming galaxies at redshift 2.2 with~1-kiloparsec resolution. We find that, in the most massive galaxies, star formation is quenched from the inside out, on time scales less than 1 billion years in the inner regions, up to a few billion years in the outer disks. These galaxies sustain high star-formation activity at large radii, while hosting fully grown and already quenched bulges in their cores.
A t the epoch when star-formation activity peaks in the universe [redshift z~2 (1, 2)], massive galaxies typically lie on the socalled "star-forming main sequence." Their star-formation rates (SFRs) tightly correlate with the mass in stars (stellar mass M), reaching up to several hundred solar masses (M ⊙ ) per year and producing a characteristic specific SFR (sSFR = SFR/M) that declines only weakly with mass (3, 4) . In contrast, at the present epoch, such massive galaxies are spheroids with old stellar populations, which reach central surface stellar densities well above 10 10 M ⊙ kpc −2 and host virtually no ongoing star formation. Although the most massive ellipticals at z = 0 bear the clear signatures of a gas-poor formation process (5, 6) , the more typical population, at a mass scale of M~10 11 M ⊙ , consists of fast rotators (7) with disklike isophotes (8), steep nuclear light profiles (9) , and steep metallicity gradients (10) : all features that indicate a gas-rich formation process.
The full cessation of star-formation activity in these typical massive galaxies (here referred to as the quenching process) is not well understood, nor is its relation with the emergence of their spheroidal morphologies. Several quenching mechanisms have been proposed. The so-called haloquenching scenario predicts that circumgalactic gas is shock-heated to high temperatures and stops cooling in dark matter halos above a critical mass [~10 12 M ⊙ (11)]. Morphological/gravitational quenching proposes that the growth of a central mass concentration (i.e., a massive bulge) stabilizes a gas disk against fragmentation (12, 13) . Feedback from an accreting supermassive black hole transfers either radiative (14) to the surrounding gas, thereby suppressing gas accretion onto the galaxy, or kinetic energy and momentum (15) , which causes the expulsion of gas from the galaxy.
Quenching must soon occur in the most massive, and thus formidably star-forming, galaxies on the main sequence at z~2, to avoid dramatically overshooting the highest observed masses of z = 0 galaxies (16) . Yet no general consensus has emerged on which of the above-mentioned processes is primarily responsible for halting this star formation as early as a few billion years after the Big Bang. Determining the distributions of the stellar mass and SFR densities within individual z~2 galaxies at high spatial resolution is central to resolving these issues. Together these distributions reveal how stellar mass builds up and SFR is progressively switched off inside these high-z galaxies, which, given their high masses, will have to evolve into "red and dead" systems by z = 0.
We measured such quantities for a sample of 22 star-forming galaxies at a median z of 2.2 [ (17) and section S1]. The sample spans a wide range in stellar mass M~4 × 10 9 to 5 × 10 11 M ⊙ and SFR~20 to 300 M ⊙ year −1 and broadly traces the main sequence at these redshifts. The five most massive galaxies lie slightly below the average main sequence, a point we explore in more detail in section S1. For all galaxies we obtained adaptive optics SINFONI (Spectrograph for INtegral Field Observations in the Near Infrared) spectroscopy on the European Southern Observatory's Very Large Telescope, mapping the two-dimensional rest-frame Ha emission at~1 kpc spatial resolution. These data reflect the gas ionized by young stars within individual galaxies, which allows us to construct spatially resolved distributions of ionized gas kinematics and SFR surface densities internal to the galaxy. We also obtained Hubble Space Telescope (HST) imaging in the J and H passbands (17, 18) . At the redshifts of the sample, the J and H filters straddle the rest-frame Balmer/4000 Å break. This spectral feature is strong in relatively old stars and therefore provides a robust estimate of the stellar mass already assembled in older stellar populations. Thus, at a similar kiloparsec resolution as the SINFONI SFR maps, the HST images provide maps of the stellar mass density that is stored in such older underlying populations. Visual inspection of the two-dimensional SFR distributions immediately reveals their notoriously irregular appearance, with bright clumps at large radii, in contrast with their centrally peaked and smooth stellar mass distributions (figs. S4 to S6).
The shapes of the average surface SFR density (S SFR ) profiles (Fig. 1, top panels) are very similar regardless of total mass and are well fitted by a Sérsic profile S º exp(-b × r 1/n ), with the n~1 value typical of disk-like systems. In contrast, the surface stellar mass density (S M ) profiles become progressively more centrally concentrated with increasing total stellar mass. The Sérsic index of the S M profiles increases from n = 1.0 T 0.2 in the low-mass bin, to n = 1.9 T 0.6 in the intermediate-mass bin, up to n = 2.8 T 0.3 in the high-mass bin (uncertainties indicate the 1s scatter). Within each mass bin, the mean S M profiles are always more centrally concentrated than the SFR density profiles.
We then compared the S M profiles of our sample of z~2.2 galaxies with a mass-matched sample of local z = 0 galaxies (Fig. 1, bottom  panels) (19) . Consistent with the Sérsic fits, the low-mass z~2.2 galaxies have the same radial stellar mass profiles of late-type disks in the local universe. The z~2.2 galaxies in the most massive bin, however, have stellar mass profiles that overlap with those of z = 0 early-type galaxies out to galactocentric distances of a few kiloparsecs, corresponding to typicallỹ 2 effective radii. At these high stellar masses (~10 11 M ⊙ ), our sample of galaxies on the z~2.2 have therefore already saturated their central stellar mass densities to those of galaxies of similar mass at z = 0, which are quenched systems with a bulge-dominated morphology. Thus the SCIENCE sciencemag.org 17 APRIL 2015 • VOL 348 ISSUE 6232 315 Fig. 1 . Stellar mass and star-formation rate surface density distributions. The three panels of (a) to (c) show results for the three bins of stellar mass indicated at the top of each column, containing 9, 8, and 5 galaxies, respectively. (A) (upper row) The stellar surface mass density profiles (red, scale on the left vertical axis) and SFR surface density profiles (blue, scale on the right vertical axis) for our z~2.2 sample. Thin lines represent individual galaxies; the mean values are given by the solid circles (with error bars indicating the 1s scatter). The derivations of these profiles are described in detail in the supplementary materials (17) . (B) (middle row) The mean sSFR as a function of radius r (sSFR r ; black line). In gray we show the 1s scatter. (C) (bottom row) The average surface stellar mass density profiles of the star-forming z~2.2 galaxies (red points with dashed line; error bars indicate the 1s scatter) overplotted on the average profiles for the mass-matched samples of z = 0 galaxies (colors indicate morphological types: orange for early types, blue for late types).
Mass M bulge components of these massive galaxies are already fully in place while their hosts are still vigorously forming stars farther out in the surrounding (disk) regions [Figs. 1 and 2, center panels; see also (13) ]. Specifically, the ratio between the star formation rate and stellar mass surface density profiles [i.e., sSFR r = S SFR (r)/S M (r)] indicates suppression of the inner sSFR r at the highest masses and generally outward-increasing radial profiles of sSFR r (Fig. 1, center panels) . By examining the surface stellar mass density within 1 kpc, S M,1kpc , as a function of total stellar mass M, we see that the massive galaxies at z~2.2 in our sample have substantially suppressed star-formation activity in their centers relative to lower-mass galaxies at the same epochs. We show in the supplementary materials (17) that this cannot be entirely due to dust effects. The sSFR 1kpc values range from sSFR 1kpc~5 per billion years (Gy ) (corresponding to a mass-doubling time of~200 My at a galaxy stellar mass of 10 10 M ⊙ ) down to negligible values of~0.1 Gy −1 at 10 11 M ⊙ . The key conclusion is therefore that these galaxies sustain their high total SFRs at large radii, far from their central dense cores, whereas in such cores the sSFR r is about two orders of magnitude lower.
A further important consideration that emerges from the analysis of Fig. 2 is that our galaxies lie around the identical tight S M,1kpc -M sequence that is traced by galaxies at z~0 (20) . This implies that the increase in total M of individual galaxies along the main sequence must be accompanied by a synchronized increase in central S M,1kpc , until the maximal central stellar densities of today's massive spheroids are reached at a stellar mass scale on the order of~10 11 M ⊙ . Below this galaxy mass scale, dense stellar bulges are therefore built concurrently with the outer galactic regions. At z = 0, the global relation curves, because the quenched galaxies have a shallower slope than the star-forming galaxies, and a clear "ridge" emerges ( Fig. 2) (21) . We have too few galaxies to track this curvature at earlier times, but this trend would be consistent with z~2.2 galaxies slightly increasing their total M through declining star-formation at large radii while maintaining their already quenched inner S M,1kpc values.
These results provide insight into the bulge formation process. The high stellar densities that are already present in their cores indicate that at least some massive star-forming galaxies at z~2.2 have today's massive spheroids as their descendants. We are seeing, however, neither classical bulges formed by dissipationless merging nor pseudo-bulges formed by the slow secular evolution of a stellar disk. Such a dichotomy is often invoked to explain the structural variety observed in nearby galactic bulges [(22) ; see, however, (23) ]. The high central stellar densities of the massive galaxies in our sample argue for a gas-rich, dissipative bulge formation process at even earlier epochs. This is consistent with theoretical predictions (24) that either mergers or violent disk instabilities in gas-rich galactic structures at high redshifts lead to a compaction phase of the gas component, which possibly even drags any preexisting stellar component within the inner few kiloparsecs.
Furthermore, the suppressed central sSFRs in such massive systems argue for a quenching engine also at work. As this apparently acts from the inner galactic regions outward, it echoes findings recently reported for massive galaxy pop- and M. The large points are the z~2.2 galaxies, color coded according to specific star-formation rate within 1 kpc, sSFR 1kpc . The z~2.2 galaxies lie on the tight S M,1kpc -M locus traced by the z = 0 population. In contrast with total SFRs increasing with stellar mass along the main sequence, the z~2.2 galaxies have central sSFRs that strongly decrease with stellar mass. Fig. 3 . Outward progression of the quenching wave. The quenching time t quench in star-forming~10 11 M ʘ galaxies at z~2.2 as a function of galactocentric distance. Such galaxies quench from inside out on time scales in the inner cores much shorter than 1 Gy after observation, up to a few billion years in the galactic peripheries. The galaxies will be fully quenched by z~1. The solid orange line indicates the mean quenching time for all galaxies in the highest-mass bin, whereas the orange-shaded region marks the 1s scatter. Fig. 4 . Proposed sketch of the evolution of massive galaxies. Our results suggest a picture in which the total stellar mass and bulge mass grow synchronously in z~2 main sequence galaxies, and quenching is concurrent with their total masses and central densities approaching the highest values observed in massive spheroids in today's universe.
inside-out quenching wave to propagate across 10 11 M ⊙ galactic bodies (Fig. 3) . The estimate assumes that our galaxies keep forming stars with their observed radial profiles of surface SFR density until their S M (r) reaches the value observed in z = 0 passive galaxies of similar stellar mass. This allows quenching time scales substantially less than 1 Gy in the galaxy centers and roughly 3 Gy in the outer disk/ring regions. These give rise to a stellar age gradient of dlog (age)/dlog(r)~-0.5 dex per radial decade (17) . This predicted age gradient in the stellar population implies a negative color gradient in passive z~1 to 2 spheroids, which is found in several studies (27, 28) ; with flat metallicity gradients, the inferred average age gradients range between about -0.1 and -0.4 dex per radial decade. A contribution to the color gradient from either dust or metallicity effects would imply that such estimates are lower limits to such photometrically estimated stellar age. The galaxies will be fully quenched by z~1; subsequent passive evolution down to z = 0 will produce quenched z = 0 remnants with the dissipative properties of typical M* spheroids, such as disk-like isophotes and fast-rotating kinematics (Fig. 4) .
Our results also provide insight into quenching mechanisms. Clearly, an external process such as a large-scale shutdown of gas supply caused by a hot halo or a low cosmological accretion rate may still contribute to inside-out quenching. The fact that we observe a phase of insideout quenching in very massive galaxies at early epochs suggests, however, also a prominent role of an internal process operating from the inner galaxy regions. The most massive galaxies in our sample exhibit fast nuclear outflows, which may indeed signify that active galactic nuclei feedback is also a factor (29) . By setting the condition for sustainment of star formation, the local stellar density within galaxies may also be acting as the internal process that regulates the rate at which SFR is locally suppressed (30) . The current analysis cannot identify the direction of the causality between the presence of a high stellar mass density and the cessation of star formation, but it is clear from our data that such high stellar density is present when quenching starts. Our study therefore highlights either, or possibly both, of these two internal processes as key contributors to the downfall of the most massive and most star-forming galaxies at the peak of galaxy formation.
